Purpose This study was conducted to determine the usefulness of peripheral anterior chamber depth assessment in angle-closure glaucoma (ACG) screening in Japanese subjects. Subjects and methods The subjects were 14 779 adults 40 years old or older. Eyes having peripheral anterior chamber depth that is 1/4 the peripheral corneal thickness (van Herick's classification: grade 2) and less than 1/4 the peripheral corneal thickness (van Herick's classification: grade 1) were extracted as narrow angle eyes, and those eyes were further examined. Results Of 14 779 subjects, 923 eyes of 505 subjects were diagnosed as narrow angle eyes (3.4%). Narrow angle eyes were observed in 4.9% of female subjects and 1.9% of male subjects, indicating a significantly higher frequency in women. The percentage of narrow angle eyes increased with age. Among the narrow angle eyes, 61 eyes of 32 subjects were diagnosed with ACG suspect (6.5%). In contrast to the frequency of ACG suspect in eyes classified as grade 1, according to van Herick's classification, being 17.9%, that in eyes classified as grade 2 was significantly lower at 5.6%. Conclusion Since the incidence of ACG suspect increases as the peripheral anterior chamber depth decreases, caution for the peripheral anterior chamber depth is required for the ACG screening.
Introduction
The frequency of primary angle-closure glaucoma (PACG) has been reported to be particularly high in Asian countries. [1] [2] [3] In Japan, a previous epidemiological survey has shown that 0.34% of persons 40 years old or older have PACG, 4 but a recent epidemiological survey shows that frequency of PACG is 1.12% of persons 40 years old or older (unpublished data). In the case of PACG, once an attack occurs, serious impairment of visual function may occur within a short period of time; however, differing from open-angle glaucoma (OAG), the angle-closure glaucoma (ACG) attack can be prevented in many cases by peripheral iridectomy or peripheral laser iridotomy. Thus, it is important to perform prophylactic treatment prior to the occurrence of a glaucoma attack. Studies have been conducted regarding the manner by which patients who are at risk of the occurrence of ACG can be detected. Although the central anterior chamber depth has been reported to be useful in the detection of ACG eyes, 5 it is difficult to use ultrasonic devices in the screening because the test using those devices cannot be performed without touching the cornea. Although gonioscopy is considered to be the most effective diagnostic method, it is subjective and cannot be performed without touching the cornea, and considerable skill and experience are required in making an assessment. Thus, these methods are not suitable for glaucoma screening. A method for detecting ACG eyes based on peripheral anterior chamber depth has been advocated by van Herick. 6 However, the usefulness of van Herick's classification for detecting ACG is controversial. Foster et al 1 has reported its usefulness, but Congdon et al 7 have reported that van Herick's classification had low sensitivity and specificity to detect patients with ACG. Many of those reports describe findings obtained from a relatively small number of eyes, and there are few reports describing their usefulness in Japanese subjects. In this study, a large-scale ophthalmic epidemiological survey was conducted in Japan to assess peripheral anterior chamber depth in 14 779 subjects aged 40 years or over based on van Herick's classification. The results were analysed to assess the relationship between peripheral anterior chamber depth and the incidence of glaucoma as well as factors that may have an influence on peripheral anterior chamber depth.
Subjects and methods
This study was conducted in accordance with the Helsinki treaty and were approved by the committee of the Japan Glaucoma Society and Tajimi city. All of the residents of the city of Tajimi in Gifu Prefecture as of 1 April 2001 were recruited to attend an ophthalmic epidemiological survey. Of all the above residents, 4000 subjects were randomly selected for a glaucoma epidemiological survey for estimating the frequency of glaucoma and the rest of residents were subjected to an ophthalmic epidemiological survey. In this paper, all analyses were conducted using data from subjects attending an ophthalmic epidemiological survey. Of 50 165 subjects, 14 779 subjects had undergone an ophthalmic epidemiological survey. After obtaining written informed consent from all the subjects, physical examination (diagnosis and interview), refraction examination, intraocular pressure (IOP) examination using Goldmann's applanation tonometer, slit-lamp examination, and photography of the optic disc using a nonmydriatic camera (Topcon, Imagenet 6S, Topcon, Tokyo, Japan) were performed.
Peripheral anterior chamber depth was classified into one of four grades by experienced ophthalmologists according to the report of van Herick. 6 Eyes having a peripheral anterior chamber depth of 1 or more of the peripheral corneal thickness were classified as grade 4, those having a peripheral anterior chamber depth of 1/2-1/4 the peripheral corneal thickness were classified as grade 3, those having a peripheral anterior chamber depth of 1/4 the peripheral corneal thickness were classified as grade 2, and those having a peripheral anterior chamber depth of less than 1/4 the peripheral corneal thickness were classified as grade 1. Only the eyes that were classified as grade 1 or 2 according to van Herick's classification were extracted as narrow angle eyes. Narrow eyes satisfying more than one of the following were diagnosed as those with ACG suspect: having a glaucomatous cupping of the optic nerve with peripheral anterior synechia and/or appositional angle closure, IOP of 22 mmHg or higher with peripheral anterior synechia and/or appositional angle closure, and having a history of well-defined glaucoma attacks and clear signs of a history of glaucoma attacks, for example, demonstrating a history of well-defined glaucoma attacks and exhibiting iris atrophy or paralytic mydriasis in slit-lamp examinations. Assessment of the optic disc was performed by one glaucoma specialist (TY).
Statistical analysis
For statistical analysis, the SPSS for Windows version 10.0.5J (SPSS Japan Inc, Tokyo, Japan) was employed. Statistical significance was determined using the w 2 -test for and the Mann-Whitney U-test based on a level of significance of less than 0.05.
Results

Subject breakdown
A total of 505 of the 14 779 subjects were classified as grade 1 or 2 according to van Herick's classification for at least one eye. The characteristics of the subjects are shown in Table 1 .
A total of 923 eyes (473 right eyes and 450 left eyes) were classified as grade 1 or 2. A total of 108 subjects were male (1.9%), whereas 397 subjects were female (4.9%), with women accounting for a significantly higher percentage of the examined subjects (Po0.0001, w 2 -test). Although the equivalent spherical refractive error was 1.0671.57 diopter (D) for the right eye and 1.0871.49 D for the left eye, indicating that a large number of subjects were hyperopic, there were also 26 right eyes (5.50%) and 31 left eyes (6.89%) with myopia in excess of À1.0 D. The number of narrow angle eyes according to age group is shown in Figure 1 . The number of narrow angle eyes increased with age for both men and women.
Comparison between van Herick's classification grade 1 and 2 groups A total of 78 eyes (39 right and 39 left eyes) were classified as van Herick grade 1, whereas a total of 845 eyes (434 right and 411 left eyes) were classified as van Herick grade 2. The characteristics of each of these groups are shown in Table 2 . IOP and equivalent spherical refractive error were significantly higher in the grade 1 group. Although age was also higher in the grade 1 group, there was no significant difference between the two groups.
Peripheral
Frequency of glaucoma suspect and van Herick's classification
Of 505 subjects diagnosed as narrow angle in the primary examination, 376 (75.4%) subjects had the secondary examination including gonioscopic examination. Among these narrow angle eyes, the frequency of glaucoma suspect was 6.6% for the right eye (31/473 eyes) and 6.7% for the left eye (30/450 eyes).
In a comparative study of the grade 1 and 2 eyes, the frequency of grade 1 was 17.9% (14/78) and that of grade 2 was 5.6% (47/845) overall. For the right eye, the frequency of grade 1 was 17.9% (7/39) and that of grade 2 was 5.5% (24/434). For the left eye, the frequency of grade 1 was 17.9% (7/39) and that of grade 2 was 5.6% (23/411). The frequency of grade 1 was significantly higher than that of grade 2 for both the right and left eyes (Po0.001, w
-test).
Discussion
In the case of PACG, the deployment of prophylactic procedures for eyes that face a high risk of the occurrence of an ACG attack is extremely important in terms of determining the prognosis of the glaucoma. The measurement of peripheral anterior chamber depth has been previously reported to be effective for the detection of PACG patients by van Herick et al and others. 6, 8, 9 However, there are divergent opinions regarding the usefulness of peripheral anterior chamber depth measurement, 1, 7 and there have also been reports indicating the usefulness of central anterior chamber depth measurement. 5 Consequently, a definite conclusion has yet to be reached concerning the usefulness of peripheral anterior chamber depth measurement. There are also few reports describing the usefulness of peripheral anterior chamber depth measurement in Japanese. In this study, peripheral anterior chamber depth was assessed based on van Herick's classification using a larger number of subjects than those of previous reports to determine the usefulness of peripheral anterior chamber depth measurement in the detection of narrow angle eyes and ACG eyes.
In this study, the frequency of narrow angle eyes as determined based on van Herick's classification was revealed to increase with age and to be high particularly among women, and these findings consistent with previous studies on width of angle and anterior chamber depth. [10] [11] [12] Although IOP among subjects classified as grade 2 according to van Herick's classification was the same as that among normal subjects in a glaucoma epidemiological survey conducted in the city of Tajimi (unpublished data), among the subjects classified as grade 1, IOP was significantly higher than those in grade 2 subjects, indicating the possibility that chronic elevated IOP is caused by a narrow angle.
In the epidemiological survey discussed here, a glaucoma epidemiological survey was simultaneously conducted on 4000 subjects who were randomly selected from a total population of 54 126 subjects aged 40 or over of the city of Tajimi, which included the 14 779 subjects enrolled in this study. Therefore, the subjects attending to an ophthalmic epidemiological survey here were different from those for a glaucoma epidemiological survey. Examinations were conducted on 78.1% of the 4000 subjects, indicating a high degree of reliability as an epidemiological survey. As a result of this glaucoma epidemiological survey, the frequency of PACG was found to be 1.12% (confidential interval: 0.74-1.50) and no eyes having a deep peripheral anterior chamber depth, according to van Herick's classification grades 3 and 4, were diagnosed with ACG. According to van Herick et al's 6 report, anterior chamber peripheral depths corresponding to grades 2-1 and 0 of their method can be regarded as carrying a risk of occlusion. All subjects for a glaucoma epidemiological survey had a visual field test and gonioscopic examination, while subjects for an ophthalmic survey did not necessarily have these tests for diagnosis. Therefore, we cannot simply compare the frequency values of ACG between two epidemiological studies. However, we believe that the comparison among the subjects attending an ophthalmic epidemiological study can be acceptable. The frequency of ACG suspect was found to increase significantly among van Herick's classification grade 1 subjects as compared with grade 2 subjects, with the grade 1 subjects exhibiting a frequency that was more than three times higher. Bonomi et al reported that van Herick's classification could be useful to screen eyes with narrow angle. However, they also reported that occludable angles evaluated by van Herick's classification were much more frequent than actual ACGs with a ratio of 29 to 1 (95% CI ¼ 19/1-42/1). 13 These results indicate that there is a high possibility of patients assessed with narrow angle eye according to van Herick's classification exhibiting PACG, and the incidence of glaucoma suspect is considered to be high in subjects whose peripheral anterior chamber depth is less than 1/4 the peripheral corneal thickness in particular.
With respect to the usefulness of van Herick's method, Devereux et Since gonioscope examination was performed, 75.4% of the subjects diagnosed as narrow angle in this study, there is a possibility of missing some eyes with ACG. Thus, the frequency of a glaucoma epidemiological survey does not necessarily correspond exclusively to the results of this study. In addition, as the optic disc was not evaluated for wide-angle eyes in which the peripheral anterior chamber depth was more than 1/4 of the peripheral corneal thickness, the sensitivity and specificity of van Herick's method cannot be calculated from the results of this study. In addition, because the subjects for this study only accounted for 27.3% of all the subjects of the epidemiological survey and were not extracted randomly, it must also be noted that there is a possibility of bias in patient background.
During peripheral anterior chamber depth observation, the status of the bottom of the angle cannot be diagnosed. Since abnormal signs such as peripheral anterior synechia are also unable to be observed, a gonioscope is required for diagnosing glaucoma. However, as prophylactic treatment is possible for PACG compared to OAG, it is important to screen subjects who have a high risk of occurrence through examination and other means. On the basis of the results of this study, although the measurement of peripheral anterior chamber depth is believed to be useful for glaucoma screening, an ophthalmologist utilizing gonioscope should make the final assessment. It is necessary to develop an affordable and noninvasive method for enabling nonphysicians to evaluate anterior chamber angle as well as testing equipment that allows narrow angle eyes and PACG eyes to be detected easily, safely, and reliably.
